caught by small boats operating inshore using fyke nets and pots set at depths less than ten 76 meters and transported with boats or trucks to the salmon farms. The fishery is regulated with 77 minimum size limits, gear modifications for escapement of undersized fish and a fishing 78 closure from January until July. From 2015, minimum size limits are species-specific 79 (goldsinny 11 cm, corkwing 12 cm and ballan 14 cm), after previously being the same for all 80 wrasse (11 cm) (Skiftesvik et al. 2014a ). In addition, a total landing cap of 18 million 81 individuals has been set in 2016, divided among three regions (South: 4 million, West: 10 82 million and North: 4 million individuals).
83
Whether and how the wrasse fishery affects the natural populations in Norway has not 84 been investigated and the increasing exploitation has attracted concerns from the scientific 85 community (Espeland et al. 2010; Skiftesvik et al. 2014b,a; Halvorsen et al. 2016) . The 86 sedentary behaviour of wrasses poses a challenge for management and fisheries assessments; 87 they hold territories and have small home ranges (Hilldén 1981; Potts 1985; Sayer 1999; 88 Villegas- Ríos et al. 2013) . Also, large differences in species composition, population densities 89 and life history traits have been observed at small spatial scales (Sayer et al. 1996a; Varian et 90 al. 1996; Skiftesvik et al. 2014b) . During the initial wave of wrasse fisheries on the British
91
Isles in the 1990's, harvested populations of corkwing and goldsinny showed signs of 92 reductions in abundance and changes in size structure (Darwall et al. 1992; Sayer et al. 1996b; 93 Varian et al. 1996) . Probably, around 150 000 wrasses were caught and used in Scotland in 94 1994 (Treasurer 1996) , while the total catch in Norway in 2015 reached 21 million 95 individuals. The higher intensity of the current Norwegian fishery raises concerns about its 96 long-term sustainability. However, fishery impacts on the wild wrasse populations in Norway 97 remain unclear, partly due to data deficiency.
98
Marine protected areas (MPAs) represent a tool for management and conservation 99 where selected areas are partially or completely closed for harvesting. Depending on the MPA 100 design (size, position, distance to nearby MPAs and fishing pressure) and the behavior and 101 ecology of the protected species, this may preserve natural densities and demography and in 102 some cases increase fisheries yield through spillover of adults or increased overall recruitment 103 (Gaines et al. 2010; Goñi et al. 2010; Babcock et al. 2010 length. All other fish species were identified, counted and released at site.
154
Ageing and sex determination
155
The total length of the fish was measured to the nearest mm and sex was determined by The total length of sexes was compared with two-sided t-tests assuming unequal variances.
176
We used generalized linear models (GLMs) to test for spatial differences, effects of MPAs between protection and locality:
Including the Gear covariate accommodates for any variance arising from the differences in 187 selective properties of the two gear types, as the proportion of the two gear types differed 188 slightly. In addition, assessing gear selectivity has inherent value on its own, given that these 189 are the two gear types used in the commercial fishery. For CPUE, we only included fish larger 190 than or equal to the minimum size limit (11 cm for both species at the time of study -2013), as but no sexual difference was evident for goldsinny (t = -0.54011, df = 1494.6, P = 0.589).
215
Pooling all sampling sites, the goldsinny sex ratio was male-biased (62.7 % males, SE=1.7),
216
while for corkwing, the sex ratio (nesting males to females) was slightly female-biased (47.2 217 % nesting males, SE = 2.0). Nesting males were more common than sneaker males (79.3 % of 218 all males, SE=2.1).
219
There were considerable spatial differences in catch per unit effort (CPUE), length and 220 age for both species (Figure 2) . The CPUE of legal-sized goldsinny was significantly (33-65 and protection was supported (Table II) . Goldsinny was smaller in the MPA's with the 231 exception of Flødevigen (Figure 3(b) ). Goldsinny in Tvedestrand inner MPA was 21 % older 232 than in the control area, while the differences in means between MPA and control areas were (Figure 3(c) ). MPA and control areas did not differ 234 in the proportion of males for neither species (goldsinny: χ 2 = 1.7827, P = 0.18, corkwing χ 2 = 235 0.0076, P = 0.93), but there were significant differences between localities for goldsinny, with 236 more male-biased sex-ratios in Risør (Table II, Figure 3(d) ).
237
There were significant effects of sampling gear on CPUE for both species (Table II) .
238
For goldsinny the observed mean CPUE was 32 % higher in pots relative to fyke nets whereas 239 for corkwing fyke nets had 72 % higher relative mean observed CPUE. Moreover, pots caught 240 smaller and younger goldsinny but no differences were detected for corkwing (Table II) .
241
There were close to significant differences in sex ratio between fyke nets and pots, with pots 242 capturing more males of both species (Table II) . Other species than wrasse constituted 28 % in the management strategies.
296
The sex ratio did not differ between MPAs and control areas for neither species. This 297 makes sense for goldsinny, since males and females was not found to differ in body size. fishermen release all by-catch on shallow depths, so the mortality associated with capture may 313 be expected to be relatively low. Moreover, pots caught smaller and younger goldsinny, but 314 this is expected as the pots used had smaller mesh size than fyke nets. No gear differences in 315 size and age was evident for corkwing, which is most likely related to their larger size and 316 deeper body shape relative to goldsinny.
317
Our study provides the first insights into the effects of harvesting of wild wrasse in
318
Norway, but it should be noted that the wrasse landings are considerably higher in Western MPAs. In addition, the annual national landings have increased with 32 % since this study 326 was conducted, so the differences between fished and unexploited areas may have increased.
327
The minimum size limit for corkwing was increased from 11 to 12 cm in 2015, but still 82 % 328 of the corkwing would be harvestable using the size distribution in our data. pooled for both gear types), total length (mm) and age of goldsinny and corkwing in the four sampling localities (F=Flødevigen, TI=Tvedestrand Inner, TO=Tvedestrand Outer and R=Risør) . Shaded boxes are MPAs, open control sites. The upper and lower edge of box represents the 25th and 75th percentiles, respectively. The whiskers extend to the highest value maximum 1.5 times the distance between the 25th and 75th percentiles and filled dots represents outliers. The predicted effect of protection (MPA or control site) on catch per unit effort (CPUE), body length, age and the proportion males for goldsinny and corkwing wrasse captured in pots in the four localities as estimated by generalized linear models. Error bars show standard error around the predicted means. For corkwing, age was modeled with a binominal age distribution (0: 0-1 and 1: 2-4 years). 
